We present the first investigation on the effect of highly charged ion bombardment on a manganese arsenide thin film. The MnAs films, 150 nm thick, are irradiated with 90 keV Ne 9+ ions with a dose varying from 1.6 × 10 12 to 1.6 × 10 15 ions/cm 2 . The structural and magnetic properties of the film after irradiation are investigated using different techniques, namely, X-ray diffraction, magneto-optic Kerr effect and magnetic force microscope. Preliminary results are presented. From the study of the lattice spacing, we measure a change on the film structure that depends on the received dose, similarly to previous studies with other materials. Investigations on the surface show a strong modification of its magnetic properties.
Introduction
Thin films of ferromagnetic transition metals have been extensively studied in the last decades for their important applications. Many investigations on the modification of their magnetic properties have been performed using different techniques. In particular, ion bombardment demonstrated to be an efficient tool for this task [1] . So far, experiments were performed on transition ferromagnetic metals and on some of their corresponding alloys. They demonstrated that ion bombardment does not affect the chemical composition of the films, but changes significantly structure and magnetic properties.
These modifications are related to local changes of the film structure during the irradiation and to the implantation of ions. More precisely, dependencies on the ion specie, its penetration depth and irradiation dose, giving rises to changes on the coercivity, saturation magnetization and crystal lattice, have been observed [2, 3, 4, 5, 6, 7] .
In the this work, we present recent studies on more peculiar magnetic material, namely the manganese arsenide, submitted to ion bombardment.
MnAs is a metallic compound that is ferromagnetic below T C = 313 K where the first-order phase transition from hexagonal (α phase) to orthorhombic (β phase, MnP type) is accompanied by a ferromagnetic-paramagnetic transition. The possibility of epitaxial growth of MnAs thin films on standard semiconductors such as GaAs has renewed interest for spintronic research [8] . The epitaxial strain disturbs the phase transition that leads to the α − β phase coexistence over a large range of temperatures • C [9] ). In this range, an alternating structure of ridges (α phase) and grooves (β phase) organized in stripe-shaped domains is created to minimize the elastic energy due to the epitaxy.
Very recently, our group has started to study the change of these peculiar characteristics induced by the implantation of Ne First results and discussions of the bombarded films are presented. 
Experimental details

MnAs film production
Ion irradiation
The ion irradiation are performed at the SIMPA facility that include an electron-cyclotron resonance ion source coupled to a dedicated beam line.
The ion source can produce intense beams of highly charged ions such as
. After the extraction, the ion beam is selected in charge
and mass by a auto-focusing magnetic dipole. With a series of magnetic and electric lenses, the ion beam is transported to the collision chamber where the different samples are placed. In our particular case, we use a beam Ne
9+
with a kinetic energy of the ions of 90 keV (4.5 keV/u) and a maximum intensity of 1 eµA in the chamber. More details of the SIMPA installation can be found in ref. [11] .
The samples are introduced in the collision chamber via an interlock equipped with a radiative oven (see figure 1 ). In the interlock, once a pressure of few 10 −8 mbar is reached, each sample is slowly warmed up to 270
• C and kept to this temperature for several hours in order to remove the As cap. Once cooled back to room temperature, the sample is transferred to the sample-manipulator located at the center of the collision chamber. Typical pressure of the chamber is 5 × 10 −9 mbar. The manipulator allows for xyz translation and a rotation long the axis perpendicular to the ion beam to Under these experimental condition, we determine from SRIM (version 2008.04 [12] ) that the ion implanted distribution covers the full MnAs film thickness enhancing hence the dose effect [4] . The simulations in figure 3 show that only a very small fraction of ions is deposited in the GaAs substrate excluding the possibility of MnAs-GaAs beam mixing.
Different ion beam bombardment durations, from 5 to several thousands of seconds, corresponding to doses between 1.6×10 12 and 1.6×10 15 ions/cm 2 , are applied on different samples coming from the same growth. Due to the difficulty to have a well defined beam shape on the sample, the dose is estimated with a poor accuracy evaluated to about 50%. 
Analysis of the irradiated samples and discussions
After the irradiation, the samples are removed from the interaction chamber to be analyzed. Preliminary studies with MOKE techniques that measure the macroscopic magnetic response at the surface. This first results indicate that already with 1.6 × 10 12 ions/cm 2 no ferromagnetic behavior is observed.
More systematic analysis are performed using XRD and MFM methods and they are presented in the following paragraphs.
XRD measurements
The acquisition of XRD data is performed using a PANalytical XPertPRO cal magnetic properties on the surface, we used an MFM. The results are presented in the following section.
MFM measurements
The magnetic images of the sample surface are taken with a VEECO di- MFM images of the decapped samples before irradiation show (see figure 5 left as an example) the well defined and characteristic stripes of MnAs on GaAs due to the succession of αMnAs and βMnAs regions. We observed that, after irradiation, the shape of the stripes is more and more distorted and at figure 5 (right). At higher irradiation doses, the phase contrast continues to decreases toward an almost complete disappearance.
Discussions
Due to the presence of the phase contrast of the MFM images, we can deduce that a local magnetic response is still present at relative at irradiation doses ≤ 3.2 × 10 13 ions/cm 2 but in a meantime, the α and β phases are not anymore distinguishable. In contrast, MOKE data, sensitive to the macroscopic magnetic response of the surface, show that no signal of ferromagnetic behavior is detected with samples irradiated with a dose equal or lower than 1.2 × 10 12 ions/cm 2 . This could indicate of a freezing of the magnetic domain alignment on the surface, even when an external field is applied (as with MOKE). Considering also the XRD data, we can emphasize that these new properties could be intrinsically connected to the presence of a new phase. To confirm or disprove this assertion, more investigation will be performed in the future.
Conclusions
First investigation on the effect of Ne 9+ highly charged ion bombardment on MnAs/GaAs thin film is presented. The structural and magnetic properties of the MnAs film before and after irradiation are investigated using different techniques, namely, X-ray diffraction, magneto-optic Kerr effect and magnetic force microscope. Preliminary results indicated that ferromagnetic properties of irradiated samples are visible locally using MFM but strongly distorted when compared to non irradiated samples. XRD measurements indicate that this behavior could be linked on a presence of a strongly modified α phase of MnAs or even a new phase. More studies are in any case required.
